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!)It tr.nslat.» Phrase by »hfttt with facilities 'jj .^J^J« 
estaöjlshing essenfal semantic connectivities between 

-ht. by coping co^olex semantic  structures of "message-' onto 
Jach Dhra«. These constitute tM Interlingual reoresentatIon to be 
translatec:. This matching Is done without the expl.clt ^••^jj. * 
c^Jnt onil syntax analysis, by taKln, as the a^/'"* ™tc

T
h°ds 

structure the -mest dense" of the alternative structures derived.Tns 
llt^oö has been f0und highly successful in earlier versions of this 
analysis system, 
M) Tht Frenoh outojt strings ar» generated without the exolldt use 
of a generative grammar.That Is done by means of SURWTmSl itrl«ii 
of French words. aM functions evaluating to French w<rds, which jre 
attacneo to English word senses In the d ctionary f»' J«* •* ÜJ?* f5l 
iStlrMngual reoresentat i on by the analysis routines The 9fntrtt!jn 
iroJ am thus receives an interlingual reoresentation that -.ready 

n8 both French outrut and Implicit Drocedures for «»»•^'l;« 3 'r, effect recursive procedures contai 
the output, since the stereotyp are n errecx f"««l»'":pfn: iLal 
JSeciJylnrthe content and Production of the futout word str nQS.Thus 
"e  generation program at no  time  ccisults a word dictionary Or 
inventory of grammar rules, 

It Is claimed that tne system of notation and translation described 

ii i 



1,0) IntroductI on 

I cftll vihut follows an Artl'Iclal Int«Migenc9 (AU kooroach to the 

orotl»'" of Machine Translation (MT) for flv« raasonsi 

DWHen fully deveiooe^ the system to ba descrlöed for reopasentlng 
natural language wt M contain within Itself two »net. "ds for 
exoresslng the content o* any given iJtteranc8:one lesUtij the otner 
llnguiatlci In a broad sense of that t^fUlt Is at the pristnt time 
an outstanding guest'on wl+hln Artificial Intelligence wMch of these 

Present  system genera' approaches (i the most suitable,In that 
has  fcotn  representation capabilities, it shou 
tnerr with a view to throwing sone light on this important lIsDUte, 

the 
d be able to compare 

2)1 ^ave argued elsewhere [1^3 at  some 
meani n^fu 

ength  that  the  space  of 
expressions of a natural language cannot be betermineo or 

aeclaed by any set of rules whatever------ln the way that almost  aii 
linguistic theories implicitly assume CAN be done.That is because, in 
comrrcr. sense termsi a speaker always has the option to MAKE any 
strlnfl of words meaningful by the use of explanations and 
definitions, HowevBr, any working system of linguistic rules does 
Implicitly specify a class of acceptable expressions, and so, 
Indirectly, a class of tnacceotabIe ones. The only way of combining 
tnese two facts of life Is to have a modifiable system of linguistic 
rules, wnlcn was imoievented in an eiement»ry way In an earlier 
version of the Present system C13J, 

3)Ap.othar aspect of t^e Al aporoacn» If one can use that ohras«» has 
been an attraction to methods consistent with what humans THl^K their 
methoos of procedure are# as distinct from more formally mctlvatea 
methods,Hence the attraction of heuristics In, say, Al aeoroaches to 
theorem proving,Tne or^seni system Is entirely semantics based. In 
that 't avoids the explicit use of a conventional linguistic syntax 
at both tne analysis and the generation stages. In the analysis of 
Inout i syntax is avoided by a template systemithe use of a set of 
semantic forms that seek to oick uo the message conveyed by the inout 
string, on t^e assu-^otlon that there is a fairly we I • defined set of 
basic rressages that people always want to convoy whenever they wrUe 
and speak; and that'in order to analyse and exoress tha content of 
discourse It is thesfi simple messages---such a? tnat 'a certain thing 
has a certain oart' for example--- that we nead to locate. Again,the 
overall representation of complex sentences Is t^at of a linear 
seauence of these message forms In a real time Order ,IntftrreIated by 
concepttial t'es, rather than the hierarchicai trte structure 
oreferred oy Mniuists, ^rom the very ccmnon sense forms of 
exoressien I have haa to use to express this method of attack It will 
be seen that the met^oi Itself Is one close to ordinary Intuitions 
about how we understand, and somewhat distant from the concerns of 
forral grammarians. 
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betten tttfta of raal t**t will on|y be nade In cases whero 
unnecessary otjscuritv or oo^olexlty would be introduced ty olsoleylng 
the same connexions oetween lt.ens o' the Interlingual reoresentttIon. 

It has bacone fashionable recently to claim that 'dictionary based' 
systems  unnot  find a Place within k\,\   would like to arflue at the 
outset of tnls pap^r t^at this Vow, 
ex&lldti Is an unnelpful one, and 
uncler3t»ndl,ig cf natural language In 

e 
pervasive though rRreiy madö 

can only Inhibit Progress jn the 
an AI context, 

oe  correlated  with  the  fresn 
sts and others by new attemsts , 

to produce a formal  logic caoabl6 of 
of the forms of language than the classic 

Carnapi  Rölchanbach  et  al,   The  imoMclt 
ows! that logical structure provides the reel 

no  oiace  In  a  logic  for  a 

Tne rise of this vie« ca"» I t^'nk» 
Interest being generated among lingu 
such as Montague's[7:  , 
recrasertIng  rather  nore 
att-^Pts  of  Russei I , 
argu^erit  goes as  fol 
structure of language, and there 
dictionary» hence  

But l" so far as any Premise of this argument Is made precise it can 
-nen be »ten ro be high.y misleading, If not downright false.The 
relation of formal logic to ianguagt. Is and always has been a much 
dlscuteo matter and cannct be discussed nere in any derail .Bu- 
aoeauate logic must contain a dictionary or Its equivalent if 
to hanoi« anything more tnsn ter^s with  neive  denotations  such as 

>f analysis that 's to handle sentences containing 
need to have available In some form such 
hand Is a part of a body, and that It Is 
beings have,It does .iot matter whether this 
"ted to a *ord name In the for* of markers. 

any 
It is 

«cna i r' , <»ny systen o 
- sav» 'nanrt' Is ijotng to 
information as  that  a 
sometnlng that on|y hyman 
Information is exp I iciti 
or I« «xrre 
it  Is,  and 
possible to construct atther . i 
an  ordinary English dictionary expresses .nformatton .„ 
both for.cs,  On t^o whole, the "  explicit  dictionary'' 
economical for^ of expression, 

Thos«  who attack 'dictionary based' systems do noc seem tc 

ssed as a se- les of fue assertions; a dictionary is  "hat 
d  If  the  information Is adequately expressed it must be 

of those forms from tho other.  Just 
a m 
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as 

xture of 
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SSB tnat 

nas  to rea Wln-sgrad's  HOf» simDilfied world.To see this one only 
the question in nindjnow loos t^e system know, say, that a block 

The answer is out aulte clearly in a text figuretby 
a small marker ilctlonary of course. 
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and whtt it eplstemic." In connexion with his claim that 
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WinogrtO's work constltutf* 
Hthf first successful solution of the 

miohlna transition DrOblBm", But It "»»y not ba mere lanorano» on 
the Dart of mysaif here, and othars alst-^are# I" view of tM fact 
that the distinction between what  is "iDiste-nlo" and what I» not 
 I think Mlchle maans by t^at word "ocncerned with the real world 
rather than with language", a rather soeolal and non-tradltIonaI 
maarlng----"-'s by no means as clear as ha thtnKa, It seams to ma 
that the onus of oroof Is on the be I ievers----that knowiedfia about 
the real world IN SOME STRONG SENSE OF THOSE *OR0S lb necessary for 
Mnguletic tasks like KT,It h usual to refer 
axairoles like winoQrad's distinction between the 
City Council refused the wome-i a permit because they 'eared vicienee« 
and "The City Council refused the wo^en a cormlt because they wore 
oom(r,uni8t9",But If the aDistemlo b»i!ew»rs ""ean by "knowlsdoe oV ti-a 
world" the "Inductive knowladge of t^e averafle mi^n" then they e'e 
being ever carochUl In aeceDtlnfl such exumoles at fact- vaiueHt all 
deoenda on whether tht :Ity Council Is Washington's or Peking's,  and 

, as MJQhle dues, to 
anaphoras  in  "The 

system might be perfect 
such trick examolas at ai 

y right to refuse to a ss]gi 

1 aflf not suggesting, tnougn, thtt the man 
here  ar«  meraiy  'dictionary based', if 

havi. g no 
imoortant 

oulatlons to 
that is to be 

an  Intel Iigent 
the anaphora 'n 

be asscrlbed 
taken to mean 

theoretical oresJPPOSIt'ens.There are in fact tnrae 
linguistic DresuD^osttions on which the following analygta 

is based: namely the use of temoiates for analysis, and ste^totynes 
for aeneratlon, re'erred to above and described In detail In tne oody 
of thi paper, and in addition the orinciole , to be develooed below, 
that b> buliding up tne densest, or most connected, reprossntat!on 
that it can for a Djece of language the system of aneiysi« will ba 
getting the word senses and mush of t*« grammar right,Wh.t ! "^an by 
«density of o«nn»ctl»n " here will be t^e subject of ^uch that 

fol lows, 

l.DSome otner oreliminary ouest'^ns 

The last section was concerned with the auastion of thi fontar.'; of 
the inffr^ation recyirad to do MT,Certain kinds of information 
dictate their ferm o^ expression»If It Is agreed by iM oartfes that 
to do MT wa need to know the fact that handi have four fingers, then 
sona form of reores -tatjon at least as strong as set thfOpy or the 
oreöicate calculus will be needed to exprer-s that fact,The naed fot 
facts of thtt sort Is a disputed on<j, out It Is beyond disoute that 
we shall need to know that , say, a soldier Is a hgman b*lna,And an 
important question t^at arises I?, w^at for^ of represantat1o" la 
necessary for facts of tr>at sort, 

Thin orojeot is jntendid to oroduce a working artifaet_and not tc 
settle intellectual suestions^NfvertheI ess, because the territory has 
been sore over so neavMy In thi past years and because thi outstleng 
still at issue see" to cause the adoctlon of very definite pelntl of 
view by ooservsrs and oartldpants tllk»y It 
re^tirks on certain matters  before  any  detailed 

s naciosary to 
MT  worK  can 

)axa 
oe« 

.uMJ«! j™««, 



started. In particular, different vle*s are held at the cresent time 
on thB question of whether t*e Intermediate reoresentatI on between 
two languages for MT should be logical or linguletic in form. 

What the key words In that last sentencai "loolcal" and "linguistic" 

» actually mean Is not as clear as might aooear} *or •xtmolt» they 
Rpd alirest certainly not excluslvn methods of attacking the oroblemj 
In that any "iog'g.M coding "of text will ptauff« a good deal of what 
Is best called linguistic analysis In order to get the text Into tho 
rsaiHreo logical form-such as cooing with sense ambiguity, ciauso 
deoe^dency and so on,On the other hand few I 1nguistIcaMy orientec 
oeorle would deny the need fop some analysis of the logical reiations 
oresent In the discourse to be analysed, However, for the ourooses 
of the present Project certain assumptions may be made safety: 
(a)Whatever linguists and phllosoohers may say to the confary, It 
has never bec.i shown that there are linguistic forms whose meaning 
CANNOT oe represented In any logical system whatever. So, for 
exairole, MrjuUts often produce kinds of Inference Inference 
properly -i d- But not catered for in conventional exlstlrig 
calcul I ssucfi fi the "and so" inference In "1 felt tjred^ and went 
hone", cut nothing follows to the effect that such an Inference could 
not fce coped with by means of -. simple and aoorooriate adju-tment in 
rule» of inference, 

(b)whatever logicians nay believe to the contrary • It has never been 
shown thrt human ceings perform anything like a logical translation 
when they translate sentences from one language to another, "Or has 
It ever been shown that It Is NECESSARY to do that in order to 
t-ahslate mschanicaMy. To take A trivial example, if one wants to 
translate the English "Is", then for an adequate LOGICAL translation 
one win almost certainly want to know whether the oarticular use cf 
"Is" In uu^stlon Ij best rendered Into logic by Identity, set 
membership er Sit !ncI usion,Yet for the purposes of translating an 
English sentence containing " Is" Into a closely related Janguago 
such as >r»nch It Is highly unlikely that one would ever want to make 
any such distinction for thi purpose Immediately In nand. 

The aoova assumptions In he way close off discussion o* the auestions 
outstanding: t^ey merely allow constructive work to oroceed.In 
particular oni IosonhIca I discussion should pe continue on (a)exactly 
what the linguist 's trying to say wnen he says t^at t^er« are 
linguistic forms and common senses inferences beyond the scoce of any 
logic and (b) exactly what the logician Is trying to say when he 
holds ir a strong form the thesis that logical form Is the basis of 
brain coding, or Is tne aoorooriate basis for computing over natural 
language, 

There are also Intepej'J'.g comparlfon« 

contemporary  academic  deveIooments, 

to be made on this oolnt among 

and In particular tne drawing 
together at th« er«sent time of the Interests and approach-ss of 
hitherto separated worksthe oxtanded set logic of Montague for 
exarrrle that ne claimed ccpef with linguistic structure  better  than 

umt-mmrlmia. s 



did  Ml!  Mngultt'cs, andj or tie other hand, the linguistic «0 
G,Layoff :*3whlch claims %h*t  th« transfopmatIona:Ists In genera 
CnofsKy In oaptlcijlir ALWAYS WERE seeking for some quite convent 
notion of ioalcal form ana should have faced uo to the fact In 
work,  But those Interesting Questions are not ISJUS? hepei be 
the aim of the Present oroject I» to produce a  small  artifact 
not only translates from one natural language to another but i3 
oottmlally at leasti  caoable of  some  logic  translation  an 
admitting  of  Question  answering and the additional "understan 
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ENGLISH. 

ENGLISH- 

■PREDICATE     CALCULUS     REPRESENT ATI Qf;--»---FR£NCH 

■--L'.NGUIJTIC CONCEPTUAL I NATION rpENC« 

because the first Oath would also contain auite a bit of the latter 

In order to get t-e natural language Input Into logical for', But '> t 
mlghti as I discuss oelow , be oossibie to get translated outcut _by 
two different catns in a single system and so give some rein to the 
notlcn o* experlmbntal comparison. 
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This is wnat I mean by saying that the logic translation -ay oontain 

more information than a semantic one* even though the text translated 
can clearly contain only the Information It conta I ns,'^e adoltional 
Information comes from the  extra-textual  dictionaries  und  axioms. 



The  losiclst  »  on  vr»f 
llnguittlo r9Presan*atIon 

other  handi  will woat Mkely deny that a 
s even sufficient for HT, 

Howaven one must be a little cautious ^"«»re about the adnlaslon that 
a logical coding contain' "Ore Information ^han a linguistic-semantic 
onei as those terms ire usually understood!Any linguistic 
raoressntatIon Is going .0 tie some such marker as MAN cr HUMAN to a 
woro Mke "aoldlsr", so that when "soldier" occurs in a text • thst 
system Is going to be just ^s capaoie of Inferring tnat a Ran i« 
being talked aboui; as Is a system that contains an exolicit sraoicate 
calculus axiom (Vx',S0LDIER{x)3MAN(x), 

What Is usually meant oy an admission that a logical racre'.entation 
may contain more information than a ourely iinguistic one concerns 
the notation for vapiabl8 Identification (as In the Winegrad "wcmon" 
exaffole above) and th9 existential quantifier notation.Thougn, again 
, there Is no reason to think that a linguistic marker notation 
cannot be adapted to ccoe with existential Information for such 
ourposes as MT, 
What a purely linguistic notation w|i| almost certainly not b« able 
to 00 Is to cooe wit^i complex Inferences of truths from other truths 
..•the Purpose fop which the predicate calculus notation wasi after 
all, devised.Sut that will not 0« so great a loss when we are dealing 
with Innut text of any degree of soohIstI cat I on and complexity for 
trans I at I on,For In the world of real wordSi and outside the worlds of 
blocks and staeolesi the kind of inferences that a banausic logic of 
comiron sense statements offers will not be of much use. 
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jL,2)Th8 structure 9f th« tr«M3!atlon and urflanl i»t Ion syittm 

Tnt dltflptm aelow ls Intend^cj to raprestnt t^« ovirall  itructur« of 

tnt system unda»" c&nstructlöri, 

dlrtct Input of axioms In PC notation 
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with  the  difficult  tasK  1 
reorasentation Into a loolcal 

achlavad,  translation  from  semantic 

one, than It might be coss?b!e to  have 
the  ♦•wo  oaths  of translation from ^ng 
3-1-2-5,.Tne transiatlon through th« log 
osoecla'iy  IIIum;natinfl  öut  It would 
orocuce a noticeably «orse  translation 

shortar rout*. 

Ish to Frenchjnam«ly 3-5 and 
c and out again might .-lot be 
b« a eontrol t.htt should not 
than on« achlavad  by  the 

Incuts to th» lc?!c "JO* will be In a Restricted Formal Language 

(RFDCsee 5] and It should i« oosslble to Input axioms In it direct, 
at a screen or t*» I «ty^.The RFL will have to be at least as *ormal a$ 
the oeacriotlon in McCarthy and Hay«sC53 If the diagram Is to b» of 
any us«, for the.-« Is no ooint In having an RFL to ENGLISH 
translation rou^ina If the RFL Is close to English ----one night Just 
as well wrItt In rngils^. The Sandewail formC133, for «xamola, with 
infixed predUat1? nawbs is Proßably already too like Eng i } »h,That's 
3 argumant against his notation, of eourse, simply an argument that. 

H  (»Ight not oe worth "rltlng a translator from It t«- English, 

The natur« of thB ^aoolng down frr^ logls to th* linguistic 

reorasentatIon wi i : of course deoand on the re'ativ« ffz«« of the 
invantorlas of Primitives and forms In eacni however, ^n« -ay «xoact 
that  th«  field Qf   logical pr'mltlv« predicates will be a iar9«r cne 
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■ nd thm%   th8 ^at)p|ng down will oe many-one------  with  a  number  of 
logical expressions maoplng onto a single sementle template. 

If I* shouid turn out that the |eve| of understtndl no Provided by t.he 
semartlc coding Is Inadequate for MT, then the diagram can still 
apply to the log!, box functioning as t"e InterMnguaithe difference 
being that the semantics will then be effectively a translation stage 
between natural language Input and the logical representation, 

If the semantic coding dees tur^ out to be adequate for some form of 
restricted MT then the function of the logic box will be In the 
anwe;'ng of auestions about the content of what has been 
translated,|n that case only those statements from the translated 
text relevant to the question need be translated up into the loqlc 
f orir. 

what follows Is divided Into four parts which oorresoond to stages on 
the diagram above, 

2,l)The processing of English input text, 2,2)The Interlingual 
reprsentation producedi 2l3)The form o' the dictionary used, 2,4)Th8 
generation of French outout from the interlingual representation, 

2,l)The processing of English texci 

Th« aitr of the ttxt processing sections of the overall Pro 

derive from an English text *n Interlingual representation 
an aoeouate» thcugh not exeesalve, complexity for two tasks 

I)as a  representation from which outout in another nature 
-•-•-Frencn In this case----can be oomO'Jted, il)as  a  repr 
that  can also serve as an analysandum of Predicate 
atatemsnts about so-na particular jnlvarse, 

The first pass mad» of the English Input text  is  the  fra 
and  reordering procedure, whose function Is to partition 
texts of som« length and sentential complexity  Into  the 
suitable  for  matching with the template forms lentioned 
stage If necessary because, Ilka ail proposed coding scheme 
, linguistic or wnatever, the template format Is a more or 
on« end the «wful vSrlety of natural language must be made 
the system is to analyse anything more than simple example 

gram Is to 

that has 

I language 
esentatfo« 

caIeu|us 

gmentatlon 
and repack 
form must 
above,Th I s 
s, Ipgical 
less -iq'c 
to fit* If 
sentences. 

As I irentioned earlier the basic format jf a template Is a 

9uhject-verb-obJect one----or  In  Our»ly  semantic  t6^«'  *" 
actor-act-object one   such as MAN HAVE  TWINC, whicW would 
hopefully be matched as the bare template name cf any sentence such 
as "John owns a car",MAN, HAVE and THING are Inter!inguai elements, 
and MAN for example would be expected to oe the prlncipai, or hfneh 
elerrent for any semantic formula representing the English word "John" 
In the «ictionary,S|m| iar I » HAVE would be th« head eie-'ft In the 
appropriate  semantic  fupmu*«  for  "owns",  %nd  s:  on,   A slmole 
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matching algorlthn would then ba aola to match tht acc«Dttile 
a«au«nc« Qf haad •lemants MAN HAVE THING, which Is »Iraafly known to 
be a ten-piat«» onto a seouence of formylas drawn from tha dictionary 
for the words of "John owns a car", 

The details of the matchlnq aig 
Is iffportent to see Is that an 
-elen-ent template onto a »I 
heao element; of formulas and s 
their, wl|l, !n the course of 
heac element of the word formul 
which It «as the head, wnere 
this oolnt as a coded form that 
word sense In Question, In 
name, has no sense over and abo 
and its whole formula would b 
than that. 

orithm are not of concern herei   what 
algoritnm for matcning a bar» tHiia 
ece of language by inspecting ^ust tne 
earchlng for acceptable  eecuences  of 
making tne match, select not only the 

a, but with It tbe whole  formula of 
"whole formula" Is to be understoco at 
axprasses the whole  content  of  the 
the present case "John", being a m«re 

ve that It refers to  a human  being, 
e simply (THIS MAN) which says no more 

One of t^e hypotneses at wor^ here Is that there Is a finite 
inventory of templates adeauate for tne analysis of ordinary 
language----a usuabie Hst of the messages that people want to convey 
with ordinary Ianguage-«--and t^at In selecting those seouences of 
fr ulas for a fraSment that are also tenpiato seouences ( at regards 
thw.r head elements ) we PICK up the formulas cor^socndlng to the 
CORRECT, eDprepr'ete, senses of the words of the fragment, as tney 
are belnj used in that particular fragment, I am giving only a 
highly ganeral description here, and the details of the application 
ef this method of analysis to complicated text has been set out in C 
153, 

Moreover , It 's supposed that any fragment of natural language can 
pe ramea py, that Is to say matched wltn, at least one such bare 
template , and tnat the name will serve as a basic core of meaning 
4or tne purpose of translating tne fragment, Or in other words, ws 
can Know now to translate from the oompiex Interlingual 
representation of which tne bare template MAN HAVE THINS Is th8 name 
simply because we Know and can reduce to algorlth-ts now «0 express 
the messaga "a person has a tning" In French.The tempiate Is thus an 
Itefr, or unit, of meaning to be trarislated, 

An example might heic at this 00 
ties  are  established  between 
have descrloeo,  Suppose we aocl 
the  sentences "My  pro 
suppose furtnermora that we ar« 
selactlra the CORRECT sense f 
the woras In that sentence, as I 
mafce the slmoMfying aasumotfon 
one sense entry In th| dictlonar 
are t^e relationships set up I 
an InterMnnual representation 0 

int to give the general Id 
text Items by tM matching 
y the template matching 
ther  owns a  laroe car" 
not cpncarned  with  the 
ormulas, one corresponding 
t Is used in tnat  sentenc 
that each of those six wor 
y , and that what we are 
ndlrectly among the words 
nto the sentence. 

ea of  what 
routines I 

routine  to 
And let us 

problem of 
to each of 

e.we shal I 
ds has only 
eons'dtrIng 
by matching 



12 

Froff  th 
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wh«r« oot^) t^o horizontal and vertical directions reoMsent 
d«c«nclepcy t!«8 of th» sort I ^»v« d«scrlbed and FC"] slmoly stands 
for t^e interlingual formula for t^e Engllsn word x.Thus the upwards 
vertical dependency Is that of a list of qualifying formulas (emoty 
In t^a ca»a of "owns") on a main formula, 

The corrasoondlng ties between t^e taxt words theiseives established 

by t^ls method are: 

brother « owns « car * a 

my larfla 

A point that cannot have escepad any reader Is that by having a rigid 
actor-action-object format for temPlatas, one Ignores the fact that 
many fragments of natural languace are not of this form, regardless 
of how the Initial Input text Is partitioned. This !s Indeed the 
ease« but . as I shaM dascrlba, by using the notion of dummy parts 
of temolatPs one can In fact put any text construction Into this very 
general format, S'nce the analysis has no conventional syntactic 
base, the standard exanoles of syntactic homonymity, such as the 
varisus InteroretetIons that can Pa thought up for "they are eating 
aoolas", are reorasented on|y as differing message 
Interpretations,So. for that sentence we would exoect to match at 
least the bars temoiates MAN 00 THING and THING BE THING. 

TRAGMLN'T ANU ISOLATE 

The fragmentation rputln« partitions input sentences at ouctuatlon 
mar><s and ^t the occurrence of any of an extensive, though finite , 
list of key "ords. That list that contains almost ail 
subjunetions. conjunctions and prepositions. Thus the sentence "John 
Is In the house" would oe returned by such a routine as two frtoments 
(johr Is) and ;ln the house).wUn the first fra8ment the system would 
match MAN BE DTHiS, where the 0 of D^HIS Indicates that» having 
failed to find any predicate after "Is''» the system has supplied a 
dumn-y This to Produce the canonical form of template. 

When It comes to cr,oos'n'; the correct template for the fragment» If 
there Is more than one available to choose from» the gentral overall 
rule of choice that I referred to earlier» of always Prtlfprtnfl the 
representation with the ^ost conceptual connexions(wh | ch can be 
thought of s'mmy a«j the number of ♦* s In the word diagrams)» w||| 
always choose one without a lummy In preference to one with.Though In 
the present case only a template with a dummy would be available for 
choosing, in the case of "In the house" the matching routine finds 
itself confronted with a string of formulas starting with one for 
••In" tnat has PnQ as Its head.Preoos 11 Ions are, In general , 
ass'^ilated to actions and so have the P In the POO of their heads to 
distinguish them frc" straightforward action formulas. In this case 
the  matching routine Inserts a dummy THIS as the left-most member of 
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the  oar*  tanplata  i 
forirul»---^«*d«d by a 

to rSflhti «nde    "'" 
tamßlati OTHIS PDO 
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POINT.   So 

Sä:: jrni^Ms uxtti Mxr.vxwi- 
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m 

is 
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Ancth«r axamole of fraQmentirj and 

ght conventional iy b« caMsd noun ohpases, 
Ihrimtü Is rres.nt.d with "The old blacK man" as a si 

raorSSentatlon nam«d-by the bare ttWPUtt MAN DOE 0TH4S. 

far» elsmentary thoush 

Dr«sent90 by wn&t 
, a^xer frafl^e^tIng, 
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end UD w!th a 
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nann«r dtscr 

But fot  at I semantic ties In 
to  fpaflmant8----many  will 
and »raybe not even textua 
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iy 

such a complex sentence will be interna 
be between items occurring 1 ndi.fCerent, 
"contiguous, f'agments.At a later colnt I 

to orovide, 

The  fragmentation!  then,  is 
ounctuatlon of the InBMt t««t and a finite 
keyword sequences» 
D 

whose  occarrsnee 

the uas 
• st 

oroduces 

s if  the lueefficUl 
af  keywords _»  and 
a  t*xt  cartltion. 

I)"I want him to go" 
|i Inserted after any 
further boundary  Is 

Is fragmented as U want)^!^ to r-o).A ooundery 
forms of the words  "say"  and "want",  «^ * 
innlölted  before the following "to". 

In fact subjoins the 

a 
This 

who I e ...».Intuitively acceoteble sinoe "want" m fact su^jo.ns tn. -"«,, 
•?  !hl*  ollJws  it  tn that sentence,we shail exD.ct to match onto 
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for tht whol« of the next tewolite, Th« frtflmantttIon functions 
ODer«te at t^e lowest possible level of analysis« which Is to say 
tney Inspect t^e semantic formulas given for a word In the 
rtict'onaryi but they cannot assume that the cholc« among the formulas 
has beer made, 

So then, the fragmen 
POSSIBLE senses of 
the forrulas for "wa 
the act can subjoin 
Ml t*ant him*',A vero 
sort since we can 
want hlir" In t^e ear 
go,, to receive no so 
him)(to go),  on a k 

I pRe |at i ve c lauses 

fsolatec and t^en In 
oolntiFor example "T 
girl  leftXthat  I 
"PDM is also moved t 
the oart'tlon after 

tatlon functions 
a word,However» 

can consider only the  range  of 
!n t^is case 'nsoectlon of any of 

nts" or "says" enao|es the s  tern to  Infer  tnat 
« and not morely an object» as in 
the other hand Is not  of  this 
him" Ir a way we CANNCT infer "I 

we woul'j expect " I advise him to 
and tw b» fragmented as (I advise 

a whole templat' 
I Ike "advise" on 
Infer "I advise 
Mer case.  So 
eclal treatment 
ey word basis. 

beginning with " 

sarted Oac*< Into 
he girl that 1 I 

I ike PD> jwhare 
o close off the 
" | Ike" Is made I 

that" or "which" are located and 

the string of fragments at a new 
Ike left" Is fragmented as (Tne 
the final period of the sentence 
sentence at a new point«   Thus 
n the absence of any key word. 

ni>MThe old man jn the corner left" Is naturally enough fragmented 
as (The old nanHin the corner M left J. The oreach made hare between 
the actor c-id act of the sentence Is replaced later by a t'e (see 
be Ic«*) • 

IV)The sentences "John likes eating fish" "John likes eating" "John 
begar eating fls^ " are all fragmented before "eating", so that thes* 
fori^f are all ass'^llatei to "John IIKSS to eat fish '«(which Is 
syncry^ous w|th the Mrst sentence above)rather than to_"John Is 
eatlng f'sh", whlc'1 wouhJ not be fragmented at all.In temoiate terms 
"johr Is eating fish" Is to be thought of as MAN DO THIN61 while 
"John likes fish" is MAN TEEIL OTHIS + OT^IS 00 THING, where the fi?st, 
DTHIS refers to the whole of the next timpittSi and the second DTHIS 
stands •« place of MAN (i.e.  John), 

"O-' is a key word that receives rather special treatment, and Is not 
useo to rmke a partition -'hen It Introduces a oossessive noun ohrase. 
.After fragmentation , each fragment Is pasjed through an ISOLATE 
fynctior which loo^s within each fragment and seeks for the riflht 
hana Doundaries o* "of" phrases and marks them off by Inserting a 
character 'TO" tnto the text,Thus *Ht has a book of mine« would be 
returnee from the ISOLATE function as "He has a book of mire foH,ThIs 
is oone In all cases except those like "I dont «ant to speak of him" 
where "of " effectively functions as a post verb. 

It ^«y seem obvious enough why "of" ohrases should remain within the 
fragment , since "of Johr" functions as does "John's", but the 
demarcation of tne ohrase with the "ro" character Can only be 
explained by consldsrlng the PICKUP and EXTE^O routines. 
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PICKUP AND EXTEND 

The PICKUP routines n.vt .Indy öeen d.»crtb«d In » itf.f?tl  -^  « 
they  m.tch  dare  temol-tes onto  the string of formulas for » text 

f 
c 

IporOPHst« mtnlDulttlcn of the tenolete order.) 

m etch case I fllv tM Otelc sentence,  the  o.r. twUt*.     anö a 

to Its govepnori 
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t) John ran oulckly 
HAN  MOVE        OTHIS 

John « pan • CDTMIS] 

culekly 

M)JOhn nit 9i I I 
NAN  00  MAN 

jonn « nit • Bl I 

i 11 Kionr  gavt SIM   a  ba! I 
HAN     GIVE TMIN5 

John • flave  »• ba I I 
♦ t 

(tojBII!  a 
The establ is^mant of tMs deoanäaney by EXTEND is discussed balow. 

Ivjjcnn Is In tn« hoys«. 
MAN HI     DTHIS    3TH1S  PBE     THINS 

John «is - C0THIS3 CDTHIS3 - In « houQ« 

the 

v)Jo^n is sick 
mti   B£ KIND 

Johr " Is " siCK 

vl )jonn is a boy 
HAN SE    HAN 

John • Is ~ boy 

vl I)Jof i Is my  fatha^ 
HAN  BE     MAN 

Johr •• I s •* father 
t 

my 

»«^.-, 
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A rtturtl duastlon »t this point Is what «**otiy Is this |nv«ntory of 
bar* t«rDlat«s to b« usad In the analysis of Ingut iansuftfl*? No 
datallac dafans« js offerad of tha Invantory uaaci.noril bei lava ean 
on« ba lilven.Tne fact Is that one uses the Invantory that saama 
anolrlcaMy r Iflnti rev Isas It «hen nesasrapy» I n ooeratlon cr under 
cr > t Idswiand concluoas that thati^lasils how things must be !n iha 
real worla of practical language analysis, 

Th^ Inventory used can be reconstructed from the xaole of rules eat 
out below In Backus Normal For"!,It Is set out In ter^s of the action 
da«lgnatlng semantic aiementsisuch as rORCE»and the classes of 
substantlva aesUnatlng elements (such as »SOTT iiaanlna 
STurr,WHOLE,PART#GRA!N AND SPREAD) t*tt can oracade such an action as 
a subject »and follow It as an object to create a three alamant bare 
tamo late, 

<bar« t*mpiata>::x 
<#f»0><D0><8EN>i 
<»PO><CAUSE><«E"N>| 
<#PO><ChANGE><»EN>i 
<*AN><r££:L><»HA>| 
<»EN><HAVE><»tN>| 
<«AL><PL£:ASE><»AN>I 
<»AL><PAlR><tEN>| 
<#PO><SENSE><»EN>| 
<«PO><WäNT><»EN>I 

<»P0><USE><»EN>| 
<«P0><TELl><«MA>! 
<*P0><DROP><»EN>| 
<»P0><F0fiCE><»EN>l 
<»EN><M0VE><DTH1S>I 
<«P0><C1VE><*EN>| 
<»AL><WRAP><*EN>i 
<»AN><TKINK><»MA>! 
<eS0><F'L0H><0THlS>| 
<«P0><PICK><»EN>! 
<«P0><MAKE><e£N>| 
<eAL><BE><tama mambar of »A1, »s last occurrenc*> 

<«AL>ni<0THl5|THIS!MAN|r0LK|CRAlN!PARTiw0Ri.D|3Turr!THlNG|BEASTi 
PLANTjSPREAD I LINEjACTjSTATE> 
(•AL means a|l substantive sjamants) 

<«EN>N«<DTHIS|TH|S!MAN|F0LK|CRALNIPART|STUFF|THING19E:AST|PLANT| 
SPR£AOIL:NE> 
;»EN (near.« alenants that are entitles) 

(■•AN>Ma<MANiFOLK|BEAST|SRAlN> 
(•AN rnaan* anlnitt «ntUias.CnAIN la used as the main 
«lament for soctai oroanlzattons« I tkt The Red Cross) 

<»P0>1 la<OTHlSITHISiMAN|FOuK|CRAINIPART|STUFt-|THINGlACT|^rAST| 
PLANT|3TA7£> 
(•PO mean« c5t*nt a laments,thoie tnat can dae'gnite actors, 
Tha class Cannot be restricted to »AN since rain wate the 

-   MBM 
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and \hB  wind ooans doors) 
<e<;0>:is<ST'jrF|PART|GRAlMSPREAO> 
<»M«>!:s<ACT|SICN|SrATE> 

(•MA daslgn^tss "larK «lements »t^osa that can daslgnfti 
Items t^at tHemsalvas daslgnate Ilka thoughts and writings) 

It *«Hi be not'ced that i have distorted 3NF very slightly so as to 
writ« the bare tenoiates rontalnlng BF: In a convenient and 
oersolcuou'» forrnT^e forms containing MOvG and fLOw also contain a 
OTHIS <I,e, they are "dummy t«mDlate3',) Indicating that there oannot 
be objects In those bare templates.Thys MOVE Is used only In the 
coding of Intransltjva actions and not to deal with sentences like "I 
moved all the furniture round tne ream", 
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hing by PICKUP wljl stMl» !« genera!» leave a number 9* bare 
s attached to * text fragment. It is the EXTEND routines» 
out frcm the throe points at wnicn the bare template attaches 
fragment, that try to create the dersest dependency network 
for the f:a9m«nt» In the way I d^scHbed earlier, and so to 

the  number  of templates matcni"ig a fragment, down to one if 

to show more cloarly how EXTEND does this, it Is necessary 
sonHWhat more about the semantic formulas wnich make uo the 

olate, A semantic formula expresses the leaning of one sense 
atur^l language word In the dlctlonary,It Is made uo of 'eft 
t oarentheses and of semantic elements,The latt«r Include 
STUFF, MAN ate, for baglc items In the worldiFORCE, CAUSE, 
ANGE to cie5cr!bP basic kinds of action, and so on,The 
are binarMy bracketed pairs of whatever depth of nesting is 

____ 
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nectsstrV to exprsss t^t meaning of a oartlo 
forrrula» ar« «tdl uo, and Inter3ret«di with 
elfjrant, or bracket Grouo, upon the correspo 
or bracket Sroun In every case. 
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0888 
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Most substantive formulas 
STUFF, THING, ACT(for a 
action, such as "adjuatme 
"friendship", "happlnesa 
atructure suph Äg "system 
sssuTid to be singular 
the too leva I, 

Action formulas c«n specl 
of  the action or both 
preferred objects by TO.S 
wj I I  contain  the  oalr 
human» and If there Is a i 

have as their heads sunh släments as MAN, 
bstract substantives wnioh ar« the result of 
nt")» STATE (abstract substantives such 
"). CRAlNtabatract substantives any so-t 
") and 90 on,A formu|a for 8 suosta^t've 
unle99 the element HUCH IS It» first Uem 

as 

Is 
at 

fy a orefttrrad class of actor» or of objects 
^rafarrad actors are sfieclfied by r0R and 
o then the formula for tha action "talk" 
(MAN FOR) since most tiings that talk are 

possibility of settlnc jp a dependency with 
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s notation ,by !ncIuding^(x 
livel  In the for^ul* 'or a 

t humar acton the system will taKe It^The restriction eannot öe 
abstlute In this, o'r most otheri cases since machines and dogs talk , 
In fable If not In fact. The Imoortant facility is to be able to 
PREFER the usual ,if a representation for It Is available, but to be 
able to accept the unusual If necessary. 

The syntax of th« action formula Is as follows i(x POrUer (* TC-) 
aooear as the first 'tern at the top level of the action  fofirjit  if 
they  are  aoproorlate   in LISF  terminology the pair Is sjir-ely 
CONSd onto tne verb formula, If both are aporooriate, as In a 
fornrula for "Interrogate", then the (X TO), for tha objects, is CONSd 
first» anö appears at one level lower In the nesting of the formula 
than the (x FOR), specifying the preferred actors.Thus the formula 
for "Interrogate" wpüld readJ(<MAN rOR)({MAN TOMTELl FORCE))), Th6 
preferred substantives ,or classes of them.foi' oualtfler^s are 
Indicated naturally In an extension of th 
FOR) as the first 'tam at the too 
oue I I f !er . 

I« order '.o keep a small usuabie set of Interlingual s'mantlc 

e le(re;its,&na tc avoid arbitrary extensions of the list of 
e ieirents.may notions are coded by conventional sub-f Ormu I as« (FL.0W 
STUFF) Is used to flestgnate Moulds for examo;e,ana (WHERE SPREAD? to 
code soatlal area of any sort. 

Aff'r this brief description of formulas, some further specification 
can oe gh'en of the EXTEND routine, which Is absolutely central to 
the analysis , since It 's t^ers that most of the wor** of a 
conventional syntax analysis is done by semantic -nethods, 

I explained the role of EXTEND in general terms earlier I It inspects 
the strings of formulas that replace a fragment» and seet«s to set uo 
dependerr, i es of forrt'Has upo^ each other. It Keeps a »core as_it 
does se, and in tha end selects the structuring of formulas with fht 
most detjendenclfls, on tha assumption that It is the right ona {or 
anas» if cwo or "'ore structurings of formulas have the same 
deperdercy score) 

The  dependencies  that  can  be  set  up  aro of two sortss A) those 
Det^ean formulas whC5e heads are part, of the bare templetei B) thosa 
of forrrulas whose heads are not In the bare template upon those 
forrrulas whose heads are In the b«re temclate. 

Consider the sentencp "John talked oulc^iy" 'or which the barG 
template would b« MAN TELL DTHls, thus establishing the dependency 

talked • [OTMIS] at the .-/crd eve Now suppose we expand out John 
f r&ff 
shal 
for 
don« 
of  as estaoIishlno a word deoendency of "John" on "talKed", which 's 
a tyo* U) dependency,   rxpandlng again from the element  TELL  we 

each  of the e'e^-ent^ constituting the ba
fe template In turn,We 

find that in the formula for "talked" there Is  th«  preference 
an actor formula whose head is MAN--"S i nee talking Is generally 
by oeople.Thls Preference Is satisfied her«, which we can  think 

sum 



I 

22 

hav« t fornul« for  MquIcMyM whos« h«»d la HOW, and HOW - hfad«d 
forTulas ara proper auailftars for actions« Hanee wa hava paan abla 
to set un tha following dlaeramatic daoandancy at tha word livalj 

John - tall<«d - CDTMIS3 
*  t 

quickly 

(whara * m *   tndleat«8 a Para te«Pl»t» connectivity stransthanad by a 

direct sew.ntlc deoendancy--»-8PrInslng from th« preference of 
"tasHed,, for a human actor In thla case,) and we would score t^-o for 
such a r«Or«s«nt«tlon, Furx^rmor« » the forfulaa having tyoe B 
deoen^enoe would be tied In a list to the main formula on which they 
deoend,  The subtypes of dependenoe are as follows; 

A) among the formulas whose heads constitute the bare tcmoiatt 

Horeftrped subjects on actions 
••John talked" 
n)preferr*d objects of actions on actions 
•♦interroaat^d • Prisoner'' 

B) of fornuias not constituting bare t*mplat«3 on those 
that do 

l)aua|lfters of suDstanttvcs on substantives 

"res door" 
I])QualIf(era 3f actions on aotlona 
"opanti Quickly'' 
IMJartlcles  en  substantives 
"a book" 
lv) of....fo phrases on substantives 
"the house of my father fr" 
tOouellflers of actions on Qualifiers of substantives 
«verv ^uch" 
vt)post verbs on t&t'ons 
"9ive up" 
vM/ ;ndlr«ct objects or: actions 
"gave John a,,,,," 
vi I I )auxI!I»rlas on actions 
"was going" 
lx)"' " on Infinitive form of action, 
"to relax" 

The searc^ts for *.yoe B dependenolst are all dtrteted In the formula 
string In an Intuitively obvious manner! 
(!) goes leftwards d I yi U Dgoes rlO^t md left 
<It!>leftwards only;(Iv>leftwards only«(v)leftwards onlyi 
(vl)rIphtwards oniys(vlI)rlgh;wrrdt. on|y«(v|Jj)leftwards only, 
The purpose of the score of dependencies established will  become 
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clear  ir  w«  considsr  an example 
co^itr^ctIon.Let us taKe tne s^nxenc« 
fcfhtCh  t^«  ■'latcning  rcutlnr.  PICKU? 
templates as follcs» sl^ce it nas no 
ctn«r! 

of  sHvli): tn« indifect objecr 
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In tht case of t^« n«9«t'v» of «ny of these tenses the word "not'* Is 
forflotten, and an atom NFRESi NIMPE, NPAST cr NFUTU atttchiQ" te the 
aporoprtete action formula Instead, At Present the system dees not 
seal with passives» though i indicate later how they are dealt "Uh 
within the template format, 
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c overlap" of  content both 
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th* same score In the EXTEND 
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The Key i9 simply 
li st 0' key words 
the Korfl, 

The  Mark ''Of a g 
the  whole   fragf1«'"» 
the    wap)#     %t\t 
frafli'ant   Is  tied 
••frcirH,       Evftry 
{a)th»  key   Is  "an 
key     is   Itself  a 
Itseit.Thi  notion 
paragraph  set  out 

Fror t^e point of 
a fraamenti if an 
relation  to Its 
fragirent has upon 

Thert   Is  en«   itnpo 
not  oapund  on  «-he 
t(i   seavii)   t^o   'at 
wouic  bij   t'«d  to 
though   t^are   Is  n 

But I" general ca 
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key and marks It spaclfI 
its mark, 

rtant case, OBJECT, who 

oresanca of a key,30, 
ter fragment would oa a 
t^e action "want'' as th 
O key prasant, 

s» markers are attached 
mark l* may be that no 
it -Mi be If a »r 
a cases are, In a sans 
ose correct rendering | 
ans latIon,for examoiet 
nto a single Item bV th 
nch in at least seven « 

rd to which the key word ties 
y.So, In (Me cams homa}(from 
ment Is "came" and the second 
ence to that mark by the key 
g mark , found by TJEI unless 
fragment Introduced by the 
dependant on anything outside 
from examining the example 

stem of analysis! the Case of 
the role of that fragment In 
es the SOKT of dependence the 

so assignment to a case does 
In the sentence (1 want Mher 
sslgned the ease OBJECT and 
e mark of chat 'ragment« even 

to fragments on the basis of 
ease Is finally assigned to a 
agmant Is Introduced, by a 
e , a cross classification of 
nto, say» French is so vital 

the CngiIsh oreoosi tlon 
e FRAGMENT routine) oan be 
ays. 

The  prcvlslonei  rfCrklng  list of cases and the English prepositions 

that can Introduce them is as follows! 
RECEIVERtto, fron, for 
lf,STRUMENTiLiwIth.   fey 
DIRECT ION:to, from, towards» outof, for 
PGSSESSICNtwIth 
LCCATIOMspees and t{'ne):ati by, near, after» In, during, before 
CCKTAINMENTSIn 
SCURCEloutof, fro* 
GOAL!tosa* 

The case analysis routines In TIE work by considering the above 
classification of prepositions In reverse , as !t ware.So, In (He 
struck the boy)(wit^ a 5tlck>!TIE locates the "with" and finds in the 
stereotypes for "wltn" (see balcw for a descriotlon of sterotyoes) 
that'^ltn" can introduce either a POSSESSIVE or IMSTRUMENTAj. 
fragrrent, It reads there that If» for exanploi an INSTRUMENTAL case 
Is in cuestlon It "it I exoect a preceding action whose head  Is DO, 



In »ny o*hir situation» where these criterU nr» not sttls^leö» the 
frnflirtnt !ntreduc«ö h*' "with" is ti«d to the Immediately Drac«o!ng 
substtntlve, and tha L ^e POSSESSIVE Is asslfineci to the il«, as In 
the (He struck the boyXwith long halp)i wntpt th« h«ad of the 
aporoPflat* formula for "hair" is STUFF,In om special class of 
casts» the POSSESSIVE sas« is asslflned even though a THING 
substantive I j, found In the "object position" of the second ttmclate 
following on a 00« CAUSE or FORCE action in H preceding 
tamp late.Those are the eases where the object !s a part of the 
substantive pravlously mentioned.For» tven though a leg If a THING we 
woulfl want to assign a POSSESSIVE c*,:? to the second t«mp|ats of th*> 
pair tH.e hit the boy)(wlth the wooden teg),HOW t^ls TIE Is c^talned 
algcrIthmicaliy is discussed In detail In the final section of the 
paper after the description of STEREOTYPES, 

This procadure can be thought of as an tmblguity resolution of the 
prepositions, which Mas net been dealt with at at all by the PICKUP 
routines since praposltlons are 'n^erted invo the formula strings as 
a slrflfe formula and apt naver con&ldfrsd to be ambiguous at that 
stag«, The TIE routines also rasoive other semantic ambiguft« net 
dealt with by the PICKUP routines. Se, for example, If our 'last 
exafrpi« had been (H» struck the OoyMwith a bari we would h«ve 
expectad there to be at least two formulas for "bar" «till in oiay 
jcorreapondlng tc the heeds THING and P0INT----the Utter 
corresponding to the place sense of "bar",Hence there would still be 
two full t«^olates matching onto the latter fragment at this stage 
and both considered by TIE» which would thus prefer the template 
containing the sense of "bar" coded with the head THING, since only 
In that case could a dependency tie be made (to "hit" In another 
fra'girent In this case} on the basis of Information extracted from the 
forirulas» and In doing so the ambiguity of "bar" would be resolved. 

Phase notation is merely a code to indicate In a very flenera! way to 
the subeeauent generation routines where in the "Progress of the 
whole sentenoe" one 1$ at a given fragment,* phase number U attached 
to «aeh fragment on the following bas's by TIE , where the stage 
referred to applies at the BEGINNING of the fragment to wM^h the 
number attaches, 

a-»maln eubjeot not yet reached 
l^subject reached but  net main verb 
2-»fflain verb reached but not complement er ebject 
3*coff0lement or object reached or net expected 
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Anaphoric Information of a fairly stftls^t*orward sort Is out Into 
the fun template Itself, Soi for «xamDlt» as TIC oassts t^rouah an 
Input text it seeks to allmlnat« all oronoun formulas and rtDlaea 
their ^stde the full template with the approp'lats substantive 
foriTule----ths substantive to which the oronoun rsfsrs "—««trying as 
it ooes sw to take account of a wide range of exceptions such as 
tmrersona| use. of pronouns that It would be i rtpproor lat*1 t0 

replace, as in n:t see^s that,...".Those uses can almost always be 
deteeteu by their occurrence In company with a small and restricted 
class of actions. 

2,2)The Interlingual RepresentetIon 

what  fol lows shorthand  version  of the  Interlingual 

represeir\at Ion for a paragrapn» designed to illustrate the four forms 
of   Information  for  a paragraph«««kay#  mark,  case and Phase 
---aescrtbed above,The schema below gives only the bare templat* form 
o? the semantic information attached to each f ra3(nent-""-the 
semantic formulas and their pendant lists of formulas that make up 
the full template structure are all omltved.The French given Is only 
Illustrative, and nc Indication is given a*, this point as to how It 
is produced, 

(LATE« CM) 
(PLUS TARD  VC) 
[nl I :nl|snlI:0JNO Tenpiate] 

(DURING THE WAR CM) 
(PENDANT LA GUERRE  VC > 
COURINGtGAVEUP:locat'onjBsDTHlS PBE ACTJ 

(HITLER GAVE! UP TME EVENING SHOWINGS CM) 
(HITLER RENONCA AUX REPRESENTATIONS DU SOJR 
Cn; I :n||in!I53JMAN DROP ACT] 

(SAYING) 
(DISANT) 
CnlisHlTLER:nii;3:nTHlS 00 OTHISD 

(THAT HE WANTED) 
(OU'IL VCULAIT) 
CTHATj£AYINC{objpc,t: 3:MAN WANT OTHIS) 

(TO RENOUNCE HIS FAVORITE ENTERTAINMENT) 
(RfiNONCER A SA DISTRACTION FAVORITE) 
CT0:WANT:obJecf.3jüTHiS DROP ACT3 

(CUTOF SYMPATHY 
(PAR SYMPATHIE ) 
C0UTCFlRENOUNCr:sourCeS3!DTHIS PDO SIGN] 

VG) 
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(FOR THE PRIVATIONS OF THE SOLDIERS PQ) 
(POUR LES PRIVATIONS DES SC 5ATS PT ) 
CF0R»SYHPATHYSrtclpl«ntl3«DTHIS PBE ACT] 

(INSTEAD RECORDS WERE! PLAYED POJ 
(A L* PLACE ON PASSä DES DISOUES PT) 
CINSTEAOinllinlIsZSMAN USE THINC3(conmentlt«"?i»t» actlvi) 

(BUT) 
(HAIS) 
CüUTinl I ml i :0iNo Tamoitt«] 

( ALTHOUGH THE RECORD COLLECTION WAS EXCELLENT CH) 
( BIEN QUE LA COLLECTION DE OISQUES FUT EXCELLENTE  VC) 
CALTHOUGHiPREFERRED:nif{BiGRAlN BE KIND] 

(HITLER ALWAYS PREFERRED THE SAME MUSIC PD) 
(HITLER PREFERAIT TQUJOURS LA MEME MUSIQUE PT) 
Cr| linl |:nl MBiMAN WANT GRAIN] 

(NEITHER BAROQUE) 
(NI LA MUSIQUE BAROQUE ) 
CNElTHERjMUSICsoualifter?0:OTHlS 03E KIND) 

(NOR CLASSICAL MUSIC CM) 
(NI CLASSIQUE  VG) 
CNOR:INTEREbTEDln]IsajGRAlN OBE DTHIS] 

(NEITHER CHAMBER MUSIC) 
(M LA MUSIQUE UE CHAM3RE) 
CNElTHERtINTERESTED.nl I .0:GRAIN OBE DTHISJ 

(NOR SYMPHONIES CM) 
(M LES SYMPHONIES VG) 
CNORJlNTERESTEOjnllifljGRAlN DBE DTHISJ 

(INTERESTED HIM PC) 
(NE LMNTERESSAIENT PT) 
Cnl Uni Mnl I J1IOTHIS CHANCE HAN] 

(.SEFORE'.ONG THE ORDER OF THE RECORDS BECAME VIRTUALLY FIXED PD) 
(ÖlE^T'JT L'ORDRE DES DlSQUES DEVINT VIRTUELLEMENT FIXE PT) 
CREFORtLONGtnl Iml | «ZsGRAlK RE KIND] 

(FIRST HE WANTED A FEW 8RAVURA SELECTIONS) 
■iD'ABORD IL VOULAIT ^UELQUES SELECTIONS DE B^AVOURE) 
Cnl Mnl MnlliiiMAN WANT FART] 

(FROM WAGNERIAN OPER4S C«) 
(D'CPiRAS WAGNERIENS VG) 
CFR0M:SELECTl0NS:sOurcft;3jDTHlS POO GRAIN] 

^— 
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(TO BE FüLLOWrO PROMPTLY) 
(QUI DEVAIENT ETRE S^IVIES RAPIOEMENT > 
CTOsOPERASJnl l«3.**AN DO OTHlS]{oommtnt» 9hl f t to tctlv« ttmoltt« 
again may give a diffarant but not incorraet translation) 

(WITH OPERETTAS PQ) 
(PAR OES OPERETTAS PTJ 
CV»nH:FOLLOWEO!nl |:3!CTHIS PBE CRAIN3 

(THAT REMAINED THE PATTERN PO) 
(CELA OEVINT LA REGLE PT) 
[nil  :nl I:ntIt3;THAT BE GRAlN3<commant:no mark bacausa «that' tla» 
to a Mhola 3«ntenc«, ) 

(HITLER MADE A POINT OF TRYING) 
(HITLER S£ FAISAIT UNE REGLE D'ESSAYER) 
Cn||«ni |»n| |«05MAN DO 0THlS3(commont isom0 jdiom reeegn!t|on 8sstnt|a! 

tc cop• *H*  thls> 

(TO GUESS THE NAMES OF THE SOPRANOS) 
(DE DEVINER LES NCMS  DE» SOPRANOS) 
CTOrTRYINGSObJecttZ'DTHlS DO SIGN] 

(AND WAS PLEASED) 
(ET ETAIT CONTENT) 
CANCiHITLER:nlIJ7:DTHIS BE KIMC] 

(WHEN HE GUESSED RIGHT CM) 
(QUANO IL DEVINAIT JUSTE  VG) 
CWHENsPLEASEDslocatlon!3!MAN DO DTHIS] 

(AS HE FREQUENTLY D!D PD) 
(COKME IL LE FAISAIT fREOUEMMENT PT) 
US I GUESSED I Ramit ft It HAN DO OTHIS3 

It Is assumed that t^ose fs-agmants that have no tamplati attached to 
th«rr-----such as fLATER)--- can bo translatad adaguatal/ by puraly 
wcro-for-word means. were It not for the difficulty involvad In 
reaclng it, we could lay out the above text so as to display the 
deoerdereles implied bv th~ asttlgnmant of eases and marks at the word 
level, These would all »e of dependonoits of whole fragments on 
particular words.So» for •Ktr.tftt the r«Uclon of Just the first two 
fragTentfl could he set out is follows, 

IDTHIS] - during * war  «-the 
i 

* ' location) 
i 

Hitler H  gave^up • showlncs* the 

evening 

»j.iä.iiäBraaaii,,,-  , 



30 

The Inttrlingua! rr ,r«s«nt«tlon doscrlDod , as th» rttult of tht 
cnajysls of English f*%$ and IllustrattO «bova In bare ttflioiat» form 
, Is tht Intarmadiat* form hanaadi as It wara • from tHa English 
analysts programs to the Trsnch gansratlon onasi 

HoMSvan this Intermediate st*?« tfi es It must be» an arbitrary one 
In t^e Cr.g| tsn-rranch orocasslng chat It Is helpful to examlns at the 
surface leval hare for e*coa!tory purooses and not only In the coded 
foriT. Thara Is often a mlsunderstendtng of the nature cf an 
Interllngua» In that It is supposad that an Intermediate st^ge MKe 
the present Inter lingua! representationiJR for short) must contain 
»ail possible samantic information" In some axp|lelt form If the IR 
Is to be adaouat« for any purpose. 

But the Quoted words are not» and cennot bei wall defined with 
respect tn any coding scheme whatsoever. what Is the case Is that 
the IR rrust contain sufficient Information so as to admit of formal 
manipulations upon )tso|f adaauate for Producing translations in 
other natural or formal languages.But that is aulte another matter of 
course, 

The  fallacy   involved  is analogous  to  that  committed 
com^utetionally illiterate who say th»t "you cant get more ou 
computer  than you put  in, can you?rt-*~---»wh)ch is false 
taker to exclude computetion upon what you put  In, 
traaittonal  paralis!  is the socratic argument about whethe 
the pren-lses of an argument "really" contain ail possible con 
fror  themselves already, in that to know the oremisses Is a! 
knot« the conclusions), 

Ana lo 
EXpLl 
creat 
later 
corre 
MT I 
ere r 
orob I 
conta 
is a 
at e I 

gogsly» the IR for translation naod not contain any oa 
CIT information about a text,The real restriction Is 
Ing the IR no Information should have bean thrown away t 
turn out to be Important! So, jf one makes the superfl 

ct genera Ii'at'on that ona of th* difficulties of Englls 
s the need to EXTEND and make axoltcit in the French th! 
ot so 'n the Eng|lsh, t^ep It is no *nswer to s«y there 
et since, whatever t^ose things are, the IR, If jideaua 
in them anyway, It is then argued »hat If there is a pr 
general one about deriving the IN from English and has 

I to oo with French, 

by the 
t of a 
if It is 
(A more 
r or not 
c luslons 
rsady to 

rtlruiar 
that In 

hat w] i | 
cl&l but 
h-Eranch 
ngs that 

Is no 
te, Rust 
oblem it 
nothing 

But t^lsi as I have oolnteo out» need not be true of any oartieuiar 
IR, since any IR must be an arbitrary cut off stage- in rolng from one 
language •:? anothersa slice taken at a oartUulnr oolnt for 
exair inat Icn^ as It wer«. 

Conaid*r th^ sentence "The house I live In is collapsing" which 
contains no subju'ictlon "tnat"! though !n French It MUST be exoressed 
«xDi'dt'yi JS b> "dans leouelle", There need not be any 
receseptation or ,,that" anywher» in the IP All that Is necessary Is 
the  subordination of  the  second  fragment  to the mark "house" Is 

i 

f 

ap^v-^^- ^- ^,- = «_ 
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coded, end generation procedure» t^*t know In such eases of 
subSfdlnetlon an aoDfODr'ete »uBjunctlon must occur In the French 
ouout. It 's the n9Bd for such procedures that conit'tutes the 
sonetlmes a-kward expansion of EngMsn Into French, but the need for 
thetr IN NO WAY dctates the explicit contant of the IR, 

S.SJThe Dictionary format» 

The dictionary Is essentially a list of oalrs;o'  semantic 
(eac^ corresponding  to one  sense of  an Engllsn wor 
explanations of Mt  sense,By ■ explanation- I  mean not 
Erflllsh word or ohrase, such as was jsed In earlier veral 
systam of analysis to distinguish each sense from others, 
shai: call a French STEREOTYPE. 

In earlier versions of tMs method of analysis C15 D on 
say» the EnflJlsh wOptTco lor lassTMght have appeared In the 
ass 

{((((HHtRE SPREAO)(SENSE SIGN))NCTHAVE>KINO) 
(COLORLESS AS NOT H»VING THE PROPERTY OF COLOR)) 

Tha first •■»» I * of the calr, the  formula,  expresses  the 
being cesorless  's  a Hlno or sort wnlch means not hawln 
<WHERt SPREAD) sensory proofrty (SENSE SIGN).The second ha 
oair  Is a sense exelanatlon in English that contains the 
wore arc serves to clstinguish that particular sense  of 
froff  ct^er  senses---9ueh as one about human character--- 
reaoing the dlct'ongry who was not familiar with the  cod 
en-bofliec In the semantic formuiai. 

formulas, 

d),  and of 
simply an 

one of tnis 
but what  I 

e sens« or. 
dictionary 

fact that 
g a spatial 
If of tha 
name of the 
"color less" 
for anyone 

Ina systam 

But. the senses of the English *ords distinguished by the dlctlcnary 
may equaMy well be explained and distinguished by means of their 
Frercn agulvalents, at least in cases wnere the notion of" a French 
equivalent to an rr.jiish word« Is an aooroorlata one.So, for example, 
the Frenc»-. worOc "rouge" and "sodaMste" might be said to 
disMnguIsn t-o senses of tha English word •'red", and we might code 
these  t*o  senses  of  "red in the dictionary" by means of tM sense 
oalrs! 

{((iiHfcRE SPREAD)KIN:)(PED (ROUGE))) 
((((WORLD CHäNGE),«ANT)'1AN)(RE0(SÜCIALI3TE))) 

Tne French wor.is "^cuge" and "seclaMst6,, are enclosed In list 
carentheses because tney need not nave been, as In this caie. single 
Trercn -ords.They could be Trench words strings of ony langthlfOr 
ex.rrple, t^-e aualifis- sense of "hunting" as it occurs in a *a 
hunting gur." Is pt idtrid In "rench as "de chasse", hence we would 
o.ofwt as the »!ght ^and member of one sense pair for "hunting" 
(HJNTINS( DE CKASSö). 
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This tlmplifltd notton of stertotypt '8 «diau»t« for thi 
reDr9StntAtlen of nost qua|lfl«rs t^d sufcstentIv«s,B» lew, I sh,!! 
g«n«r«llt« to the notion of a FyLL STERCO^YPE adequit« for the 
r«pr«itntatlon of orapotittons and actions, In which there *»> b« 
mop« than on« list aftar tha English word name in the flQht hand 
member of the sens« oatriMoraoveri they will be lists In which 
function« win occur as well as the namcg of rr«nc'n word«, 

But w« «hould pause at this point Just long «nough to se« what th« 
notions of sense patr an*» 8t«r«otyp« are doing for us In the system, 
Car liar on, I described the structur« of a full template ----assigned 
to some natural ^nguace fragment-*«-«as made up of formulas and 
lists of formulas.Bgt these would more accurately have been described 
as sense pairs, and lists of sanae pairs, That is to say* the 
analysis routines In fact build into the tanplats net Just the 
forrula« but the WHOLE SENSE PAIRS» of whleh the formulas ar« the 
left hand members, even though the critera for Incorporating a sense 
pair Into the templat« aPOlied only to the formula its«lf. 

Hence the full templata alr««dy contains th« rr«noh «Qulvalanti of 
the English words In the fragment,Moreover the stereotypes for 
actions and Prepositions contain not on!,v French equivalents but 
Implicit rules for assembling these equivalents so as to gsnerate 
Trench output, Thus the generation routines never need to consult an 
English-French dietionary,AIi the cenaratton program requires. In 
terirs of French equivalents and asssmbly rules, is already presant In 
the fuli templet«. 

Thus the fu|l templata may appear to ba a complex and cumbrous it«m 
of Information, containing as It doas not only a concseotual ssmantle 
r«pr«««ntaticn of English t«xt. but. also rr«neh onout forms and 
implicit g«n«ratlo^ ruH«, But tha aveldanc« of reD«ated 
consultatlsn of a large dictionary of forms and rules in LISP format 
is no sirall compensation. 

The genera 
by e str 
worcs, or 
functiont 
deser ibed, 

form of the stereotype is a list of oredicatesi followed 
ng of French words and functions that avaluat« to French 
to NIL (In which oas« the stereotyp« falls), The 
may also evaiwate to ola^ symbols for rease^s to be 
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The pr9CllcBt«9-----*Mch occur only In Dreposltlon 8t«reotyD«8--- 
nor(rill# rafer to the case of the fragment containing the wordi and 
to Its rrarK rescect I ve ly, If both thas« ortdlcatas ar« aatlsMad the 
program continues on through the stereotype to the French outout. 

I,et us consider the verb "advise" , rendered In It» most 
straightforward sense by the Franch wod "conse I I 1 er". It is likely 
to be followed by two dlfferant constructions as !n the Ensilshs i) I 
advlae jom to have Datianca 11} I advise oatlance 

Varl^ stereotypes contain no oredicatesf so we might expect  the rnost 
usual sense pair for "advlsa" to contain a formula followed by 
(ADVISE«  CONSEIUES A CFWj, FOLK MAN)) 

(  CQNSnUER (rN2 ACT STATE STJFF)n 

The roie of the stereotypes should by now p 
generating from, in this case» an action» 
list of stereotypes tied to the sense of the 
template. If any of the functions It now enc 
then the whole stereotype containing the funct 
Is tried,If the functions evaluate to Fre 
generated along with the French words that aop 
I ike "eonsei | ler"', 

Tne  details of  the French  generation oroc 
sact'on 2,*» below, but we can see here  In a 
stereotypes  f-sr  "aavlse"  produce correct tr 
(i) anu (11),   In tft« case of  sentence  (i) 
fragments  (I  advise  john)(to have patience) 
generate fro-n the stereotype for thj formula I 
!n t^a first fragrrert's template,it moves righ 
begins to generate "conselller M ".Then (FNi F 
which  is a function that looks a; the formula 
positiop of the curr^n* tempista and returns 
only  if  its head is MAN* or FQL'<-----that is 
being that is being advised.The formula for "J 
"jean"  Is  oenerated  after  "conselller a", 
translated here for Illustrative purposes only 
thfi correct construction "Je conse! Me a Jean" 

Put  ^ao  we  been  examining  sentence (H) " 

first stereotype fur "advise" would have faila 
wcuio net nave pro^ucs^ a French word on being 
for "patience", whose head is ACT,Hence  the 
have been triad and found to apply, 

a becoming c I ear 11n 
the system looks down a 

action I n the fuI I 
ounters evaluate to NIL 
ton falls and the next 
nch words then thay are 
ear as thatr own names. 
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I advise pat'ence" this 

d r.lnce (FNI FOLK  MAN) 
app I Ied to the formula 

next stereotype would 

Th« stereotypes d© more than simply avolc the explicit use of a 
conventional generative grammar (not t^at there I 3 much orecacUnt for 
uslrg of-e of those) In a system %n&x nas already eschewed the use of 
an analysis sram.^ar, They also direct t^e production of the French 
trarslatton by providino complex context-sensitive rules at the point 
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required, ftnd without any search o^ a large rul» Inventory. Th! g 
method Isi In Drlncisle, extensible to the oroduot. 1 on of reaconably 
complex Implicit rephraslnas and expansions, as In the darfvatlon of 
Hs! Intelligent sott-!lM from the second fragmen of (N? man 
)(howev«r I nte I I I gentXcan survive deftt>). given t^e aoDroerlate 
stereotype for "howivtr", 

Preposition stereotypes are more complex in general than those for 
actions, but before Illustrating them I snould mention a point that 
arises In connexion with stereotypes and their relation to tha 
enumeration of the senses of Incut (English ) words,As I have 
described the dictionary so fart many output stertotypes may be 
attached to one sense of an English word, that Is to say, to a single 
semantic formula, In the example sentences above, "adviss" Is taken 
as being used In th« same sense In the two sentences» even though 
Different constructions follow the word in the two cases. 

So the notion of stereotype In no way corresponds to that of word 
sense, Indeed, the notion of word-sense Is an extremely unclear one 
and resistant to any forma! cna |ys I s.Wlthout In any way claiming that 
the senses of a word can be completely enumerated, It Is nonetheless 
clear to oommonsense that In 'M have a bar In my new house" and "we 
have a bar against foreigners here" the word "bar" is being used In 
two different senses In terms of "conceptu«! separation of contextt", 
even though it Is not Possible to explicate t.nat last concept In 
terirs of naive denotation, or formal specification of contexts, 

In the case cf Prepositions I take t^em 99 havlrg onäy a slrgle sense 
each, even though that sense may give rise to a great number of 
stereotypes,Let us consider, by way of example, "outof"(oonsldtred as 
a single word) in the three sentences} 

i)  (It was made)(outo* wood) 
11)   (He  Killed  him)(outof   hatred) 
MIMI   Mve   )(outof   town) 

It seems to me unhelpful to say that here aro three senses ©f "outof" 
evan though Its occurrence In these examples -ouulres trancletlon 
into French by " ;ie", "car" and "en dehors de" Mspeet I ve | y .and ether 
contexts would reauire "oarml" or "dans". 

Given the convention for stereotypes desorlbed earlier fo: actions 
let     us 
cases: 

set  down  stereotypes  that  would  enable  us  to  deal   with  ^hase 

si: 
sin 
Sill) 

where 
whose 

((PRCASE SOURMPPMARK »00)    OE (FNL STUFF THING)) 

XPRCASE SOUR)(PRMAKK »QO) PAR (FNZ FEED) 
((PKCASE LPCA)  EN DEHORS DE (FN1 POINT SPREAD)) 

•DO 
naads 

Ind 
ere 

cates a 
not PDO, 

wide 
QBE or 

c lass 
BE, 

ol   action formula«! any In fact 
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In th® case of t^e sentence fragnents (It was -nade )(outo' wöod)i 
when tha program enters t^e second fragment it Knows from tb* i^hoie 
int^rilreual representation described eariler that t^e case of that 
'rafifent is SOURCE and its iBftfk Is ""ade", Tfe mark wcrJ has DO as 
Its head , and so the case and mark ored'cates P^CASE and PRMARK In 
the first stereotype are both sat I "-H ed. Thus " de" Is tsnatively 
generated from %h9 first stereotype and Ffil 13 applied, because of 
Its definition, to t;ie object formula In tMs tempiate , that Is tc 
say • the one for "wood".The arguments of FNl r- STUFF and THINS aid 
the function flnas SrlIFr as the head of the formula for "wood" in tha 
full template, Is satisfied and so generates "bols" from the 
stereotype for "wooa". 

In the case of the second frag-ant of (He k|||ea hlm)(outof hatred) 
the two predicates of the first stereotype for "outof" wouia again be 
satisfied, out (r\: THING STUFF) ^ould fall with the formula for 
"hatred" whose head Is SUTE.The next stereotype (Si!) would be 
tried! t^e same two oreoiCLtes would be satisfied, and now (FN2 FEEL) 
would be applleo to (NOTPLEASEtFEEL STATE)) the formula fcr 
"hatred",Bwt FN2 bv 'ts definition examines not formula heads 1 but 
rather seeks for the containment of one of Its argur-ents within the 
formula,Here It finds rzZL within the formula and so generates the 
French word stereotyoe for "hatred" 

Similar considerations apply to the third example sentence Involving 
the LOCATION cass;though in that case there would be no need to work 
through the two SOURCE stereotypes already discussed since, when a 
case Is asslonec to a fragment during analysis, only those 
stereotypes are left in the Interlingual representation that 
correst/ond ;o the assioned case. 

The description of the assignment of case tn a fragment was u'aferred 
frosr the earlier discussion of TIE routines, since it ri«ulr»a use of 
thn stereotype« «t the anr^ysis staae.In the case of fragments with a 
key, TIE routines Search the stereotypes for the key until they find 
on« that matchus tha fraonsnt and ts mark except In respect of 
case,So, in the sent9nce (I MveMoutof town) the analysis routines 
assign LOCATION to the second fcagment in the first olac» because 
they locate in the t^lrü steretyce »or "oiitcf" a formula for the 
object of the preposition whose .^.ead is 0OINT, 

2,4) The generttion of Trench 

f^uch of tnp r.etrt of the French generation has been described In 
outline in the last section, since it is Impcssiole to describe the 
dictionary and its stereotypes usefully without describing the 
generative role that the stereotyper play, 

mi  11 ii^- 
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To comolftt« t^il« brlof 5^«tch «11 thtt It Is toppcsrlitt tc «dd Is 
<iomt descrtotlon of fht way In whleH g«rt«rations from tht storaotyo« 

o« • k«v ird of th« ^ark for t^1« »«"t 'rtflwtnt Inttr look-»«- th« mack 
9§ing In a dlfferent ^r6am«nt----a» control flows baskwardi and 

tween t^e stereotypes of different words In search of a 
* French outßyt, There Is not sctce available here for 

f tha bottom l«va| o^ the ganeratlon oreQreni--«the 
number routines--* which In even the simplest cesas need 

access to marK Information, as In locating th« gander of 'iheureux,, In 
(John sesms )(to be happy} translated ku  "jean semble etr« neureux". 

forwa,Js 
9atIsfaet 
jescrlot I 
concord a 

Again,  much of the detailed content o? the generation Is to be found 

In the functlor« evaluating to French words that I  have arbitrarily 
named FN1,,,,etc,So"e 
For exairple* one would 
voyafleals en Franca" 
sev» FNF a^d FNM th^t 
gencers as  we I I,Soi 

of these seek detail down to gander markers. 
expect to get the correct translations "Je 
but "...au Canada" with the aid of functions , 
see^ not only specific formula heads but 

n" we among the stersctyoss for the Eingllyh 
woulo expeot to flna (given that formula» for |and a^eaS n^ve SPREAD 
as tnelr heads):       , ...L.-.A (FNM SPREAD)) and .EN (FNF 
SPREAD)}, 

It  I 
i nntf 

this 
oui tt 
"hat 
compr 
for H 

Is r,o 
mean I 
the F 
reor» 
stei-t 
w! i i 
gener 

The o 

tw"is 

S  no 

ster 
point 
comp 
ore 

esslo 
I or I 
ana I 

nos 
rench 
sent 
otype 
be 

ate t 

veral 

of t 

t  exp 

eotyoe 

that 
I Icate 
-night 

r. of a 
nk win 

og for 
of  -I 

! n a 
we a 

s that 
locate 
na Mde 

I cont 

amp jet 

acted 

' u P| c t 
there 
d se^a 
cal I 

rtlcle 
s" but 
t^is 
ike« 
way in. 
re  ex 
see^ 

d  In 

" >«h«r 

r o i ^ u 
a " a " e 

that 
Sons 

I 9   nc 
ntlc 
the b 
S . A 
to " 

dlstl 
and ■• 
tultl 
oect' 
the n 
Mär i 

e app 

net I 0 

9 tO 

there 

In al 
leva 

Infer 
ottom 
n MT 
J'alm 
nct'o 
drink 
vely 
ng t 
ot Ion 
nk" 
ropr I 

wl | I 

I, The 
I of g 
mat Ion 
l^vel 

orcgra 
e LE v 

n I n E 
" that 
acceot 
o gene 

USE I 
but n 
ate. 

more 
ugh | 

enera 
proc 
of g 

m has 
In" f 
ngl la 
aeco 

able 
rate 
n t^e 
ot In 

than 

t  sh 
t'on 
essln 
enera 
to g 

or "I 
h and 
unts 
to th 
the d 
sama 
"I Ik 

twenty o 

ouid be 
that doe 
g.I have 
tlon.the 
et "Je b 

I Ike w? 
ncth I n 

for the 
e Eng I Is 
Ifferenc 
ntlc cod 
eM,and t 

r so o^ 

not ;C 
s not r 
In min 
add'tl 

Ols  dU 
ne^.Now 
g abou 
dlffere 
h coea 
e by me 
tngs ■• 
o use t 

thite 

3d at 
«au I re 
d nere 
on a^c 

vln" 
there 

t the 
nca In 
ker ,At 
ans of 
-which 
hi s to 

n o' the generation expects five different 

occur! 

1)»T^IS »00 »ANY wher« »THIS  is any  substantive -^«dtnot D?MISJ 

•OQ IS »ny real action head (not BE. POQ» D
BE:) 

and  »ANY Is any of »no or KINO or DTMJS, 

with this tyi.9 of template the number, oerson and gender of the verb 

are deduced from the French stereotype for the subject oart. 

ia) tyc« »THIS BE KIND Is treated with type 1, 

"/OTNIS «DO «ANY 
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fhes" tflmriates apije when a subject has oeen sollt from its action 

by f raorrentat »"".Th« mark of t^« frafltnont Is th«n the subjtctiOr» th« 
ttnptatb may represant an object action phrase, suoh as a slmole 
Inflrltive with an i"i0iiclt subject to be datirmlned from the mark. 

3)»TNIS DbE DTH:S 

Templat«s  of  this 

act'P^ represent«c3 t 
simply Generated f 
the rest Is dummies, 
DBE KIND where gener 
second frafl^nt of ( 

4)0TMIS PDU »HLAL 

type represent the subject! split off from Its 

y tyre 2 template aoove. The translation is 
rp» the stereotype of the subject formyjai since 
though there may arise cases of the fo'm DTHIS 

at'on Is only possible from a ouallfUr as In the 
I like tall CMMblond CHMaM blua^aytd Cermant). 

Tempiates of this type represent preoosttionaI phrases and the 
translation is generated as described from the key stereotype! after 
whic^- the translation for the temptat« object is added (»REAL denotes 
any heao in »THIS Or Is KINO). 

The genera! strategy for the final stages of the MT program Is to 
generate French *ord strings directly from the template structure 
assignee to a fragment of English text^ The first move Is to find 
out wnlcn of the five maJor tyosJi of tempiate (j1 "t I ngu I shed above '» 
the ona attached t0 the fragment under examination, 

50  t 
car"» 
hence 
wh i ch 

tne 
sent« 
9ho*i 
• Afn, 
te^c I 
stere 
the 
wore 

her,  for  a  fragment as cimol« as MJohn already 
the orogi-a^ *".3Ut'1 notice that the fragment has no 

»  oy  default,  the  generat'on Is to Proceed fro 
Is a function of the general type of the template 

freoment.The  bare  name  of  the template for th 
nee is MAN HAVr THING and Inspection of  the  type 
this to be a member of tyos (l)i whose general for 
The stereotype is a funct I on---let us say TTEHP 
ate  type  anj  ,  to  eonform «Ith  ihe  gener«. 
otyoes descrtoed earlier, this can be thouflht of a 
stereotypes  for  the  "null word"» since we have 
to start fro-- here. 

cwnt, a big rod 
mark or  key, 

m a steriotvoe 
attaching to 

S one fragment 
s above M]II 

m is «TMis »00 
---»• of that 

format for 
s being one of 
no mark or key 

In th's case tne generation of French Is simplicity itselfJthe 
funct'or frTEMP evaluates to a frenc^ «"ord string whose order Is that, 
of the stereotypes of the EnqMsh wpros of the f ragment ,Th I s order Is 
directeo by the presence of t*9 first type of template comprising an 
elerrentary sequence suojecfact Ion-object # Th i s Is done recursively so 
that » aionc with t*o rrencH w0rd8 generated f0r thcse Enei!sh w0rds 
whose formulas constitute the bare teme iate( i ,e, "John", "•own" and 
"car") are generated those whose formulas *r* merely dependent on the 
ma I r formulas of the temp late-----In this ease the formulas for 
"already", "big" and "red". 
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If eoiDltx sttreotypes iff located »hil« gtnirfttlng for any of th» 
woro« of t"»  fragm«n^---••,eomPl•x,,  dlnoly «nttns  full  ittrfOtyDts 
Mhle^ hav« constituents  that ara functions as KS)|  &• Frfnch 
worö«------thon „snaratton from th«9* nswiy  found  iisrootvots 
tmn«talata|y takas Dr«c«iJanoi ovar furthtr Bonsrttlon frem the last 
3t«raotypa at tha lev«! a>jova. 

In th« Prostnt ess« "own1' cpastss no problams sines It I» a 
eomplstaly rsgular Trsnch varbi and so Its star«otyoes contain 
nothing but Frsnch wordsiln gsnsral# It Is only Irrsgular Frsnoh 
vsros thRt conttln comoltxtty In thslr stsrsotypss so as to dlotata 
tha forn* of what follows thsm In a ssntsnes.Ut should bi undsrsteod 
t>.U I am using nl.'ragularn h«ra to mssan Irrsgular w)th rssosct to 
this systam of classification -----my usage Is not Intended to 
corrasoond to tha standard oppw-altlon of "rsgular" to Mlrragularw In 
Tranch grammars). 

Now suppose wa consider tha two fragment sentence "I e^der Jehn to 
leave'*,Ths fragmants will be presented to the gcnsratlon program !n 
the form described «arlleri  with Key,  Mark,  Case  and  Phase 
Information attached t0 each fn •agmenti 

(I order John) n?|!r!|Snl|:0 
{to leave)   totorder:08jE52 

Also attaened tc the ffagments will be fuM templates whose bare 
template naas In this case w|I| be MAN TELL MAN and 0TH1S MOVE DTHIS 
respect Ivsly. 

The seneratl 
keytso  It 
nu II word ¥* 
the  sub,, 
modified to 
stereotypes 
( 0R00NNER A 
MAN, and FNl 
the fopirula 
that formul 
stereotyoe v 
satlf^'ed b 
satisfied, a 
jean", glvln 
Injl-jates th 
routine,The 
remains unev 
exhausted s 
generated, e 
ana so the p 

on program enters the first fragment 
starts  to generate* as bsfors, fro^i 
<ch again Is one for the first  tempi 

right  r,JeH from the stereotype 
"J*  -  by  the  ce-cord  routine,I 

for the actlon:the first being 
(FNl MAN FOLK)) The head of the formy!a 
here Is an arbitrary name for a function 

for the object Place of a template and. If 
a  Is «ny of  the  function's arguments, 
alue o' that formula,tn this case the fu 
y "John-», se by definition that stereotype 
nd the program generates from It the segue 
g the correct soggense "JsS ordonnsrS a Je 
e need ^or further minor processing b 
stereotype has now been sxhausted-*-- 

aluated or  ungenerated---»-8imllarly  th 
ince  no  words  remain whose  stereotype 
Ither dirsotly ot   via the stereotype for s 
rooram oasses on to the second fragment> 

which has no marK or 
a stereotype tor the 
ate type,This gets 
'or "l", later to be 
t then enters the 
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e not been 
ther word. 
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The  proflrtm enters t'ne second frtgmtnt and finds that <t l^as t.  mark, 
namsiy "ortT",lx  then consults th« staraotypa In hand for •»ordif* In 
fragrant  (I) to see if It was exhausted or net.   It "as, and so the 
program turns to the stereotypes for "to"!  the key of  {ID  Among 
those irhase first predicate has the argument OBJZ will be the 
stereotype 
UPRCASE OBJEXPRMARK FORCE TELL) DE (FNINF »DO)) 

If wt remtmber that the head of the current formula for "order" # the 
mar** of fragment ( [l}i Is FORCE» and that PRMARK seeks and compares 
Its arguments with the heao of the mark formuiai then the predicates 
are seen to ee sat^fted and the program generates HdeN after seeing 
that FNINF Is satisfied» since an action formula for "lecve" follows, 
whose hsad HOVE Is In the class »00, 

FNINF on evaluation finds, where necessary» thf Implicit subject cf 
the infinitive,That is unnecessary nere, bt/t would be essential In 
*fcÄ«»l»i only slightly more complex, such as HHarie regrette de 
s'et'.e r*J&üle troo tof.F Inal ly FNINF Itaelf evaluates to the French 
stereotyp« äe:"ct»d for "leave",This might Itself  give  rfs« to to 

own SBQU«ntS mors jea^nlng if ^he us« of 
H leave" dlctatSd its 

"I order John to leav? by the first train", here however the 
•valuation terminates Immediately to "partlr" since the sentence 
stops.The program lakes no attempt npw to generate for "leave " 
again, since it realises It has already entered Its stersotyoe I Is', 
via the "to" stereotype, Thus the correct French string "jel 
opdomes a Jean de oertlr" has been generated, 

The last example w^s little more than a more detailed re-descr lotion 
of the processes described In the dictionary section (2,3) In 
connexion with the example "l advise John to have patience", However, 
now that we have dealt fully with a fairly standard case and shown 
• he rscursive use of stereotypes !" t*"* aenerat'en of French on a 
fragirenfby-fraiment basis, ue can discuss a final pair of examples 
*n which a more powerful stereotype, as It were, can dictate and take 
over jh* generation of other fragments, 

If we were to consider In detaM t^e generation of French for the two 
fragment sentence 11 throw the baMMoutof the window), we should 
find the process almost Identical to that used >n the last example.In 
this case, too , the main stereotype used to generate the French for 
*h« first fragment is that of the act?on----"throw" In this 
sft»p---''and the stereotype for "throw" is exhausted by the first 
fragtr»^ so that nothing in that stereotype causes the program to 
inspect the second fragment. 

Now consider, in the same format, (I drink wlne)(outof a glass). 
Following the same procedures as before we shall find ourselves 
processing the stereotype for "orini'" which reads ( BOIRE <FN1 (FLOW 
STUFF)) (FNXl SOUR POC THlNSH DANS (FNX2 THING)) where"»" Indicates 
a halt-point. The program begins to generate ientatlve|y, evaluating 
the functions left to right anri being Prepared to cancel  the whole 
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Is.r'Nl Is ecpiltd to the formult for 
"ulfü^ «nd sp«clfi«s th9   Inclusion In Its formula» not of 
elvtrtnts«  but 6? the who!« conventional subfornula for 
STUFF),  Tnls It finds» Is Sttls'Isd 
bo irodlfled by concord to "du vln", 
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The  main  control  crogran  now passes to the 
case houtof a giass-.it asks first If !t has a 
namely "or Ink",  and looks at the stereotype 
see If Is exhausted, which  It  Is  not»  mere 
therefore  continues to  gunerate  from  the 
"orlnK", producing "du vln", than "dans" , fo| 

next fragment» In this 
mark» whljh It has 

n hand for the mark to 
y halted,The orooram 
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owed by the evaluate 
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The point here  (about what words are generated  through  the 

stereotypes  for w^at OTHER words) can perhaos be made little clearer 
with a olagram \n  which lines 
whose stereotype a generation 

connect tha EncMsh word  through 
s done to the word for which cutout Is 
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generated,A i i generations conventionally Start from 3 th« null word 
mentioned aonve, it ls#by convention» the word for which the five 
baste stereotypes are the stereotyp«. So thtnith* more 
straightforward cas« (I thraw the ba||)(outof thf window) would be 
generatad as fol lows: 

0 
* 4 » 

•   4 

I      throw*",bal I outof**'»w|ndow 

are omlttad for slmol Idtv t In tMa ease th« new fragment 
wlth "Ogi-of" returns «gain ^o 0 t0 bagln genartt]ng again. 

Artlclas 

5tartl"g 
In tha irora complex case (I drink wtneMoutof a glass) the generation 
pattern would be as follows: 

I drink  ■•■•••«•wine 

4 

outof       glass 

Mhera the subjects and objects 
seoarateo by Intervening clausaa 
becoffa considerably more eomoMeatad. 
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Final iy »It should be admltta^ that I" the actual computation of the 
analysis and genepet'on syst-im described aäove» two Items of 
Information I have deacr Ibe-d, eise and mark.shrink In 
irrportanee» though by no means dl saopear .The I r  role  has  bean 
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ovcrstrtBMd In th« o«o«r.i^ ordtr to nakt a ol«ar dUtlnstlon 
bat*-o«n ti« analysis and 8an«ratlon routtnas and 90 pr*8int • -Jltar 
Inttrltngual r^prafantatton format.-ooan to Insototton by any linguist, 
unfairliltr with,and unlntaraatad in.tnt algorithmic tschnlauta 
•mployta.wnat I sought to avoid Mas any riforan«a to a "'Jiamleas 
computational whoia» 1'. | 0* whosa lavals 9«am to prtaupppsa ali Of 
ths othar levsis.and which avan If It works »cannot ba In any way 
tnspactad or dlscussad« 

I h!rt«c 
and  ma 
sttr«oty 
to assl 
ordtr to 
analysts 
marH ara 

Tht chan 
orsdlcat 
'whs ALRE 
apse I f le 
for « "a 
functIon 
whol« »t 
orsclcat 
orad'cat 
Is no« n 
c h • e k, a n 
Btartwty 

In tta body of the oapar tha 
rk   Information   Itsalf  d 
batitnd It would claarly ba a 
gn this  Information and t 
make usa of !t In tha eanara 
and gansratton routlnas fusa 
loeatai during tha ganaratlo 

q« tn tha 
a  PRMARX 
ADY  ASSIGN 
at ton:It I 
rk maattng 
s already d 
sreotypo co 
a but a 
*,eonvtrssI 
0 PREVIOUS!, 
d the cas« 
pes to aid 

format tha 
Is not now 
ED mar* fo 
s a predleat 
that speetft 
escrIbedithe 
ntatnlng It, 
number of th 
y,Is not dl v 
Y ASSIGNED e 

Is now J 
the ro«d«r. 

t thl 
sImply 
r tha 
e that 
cation 
fat lu 

There 
em ful 
erslft 
ase to 
ust « 

t the asslgnmsnt 
emends accosa 
baurd to consult 
hen 1 latarioonsu 
tton of French 
at this point , 

n of the French 

s ragutres  ts 
a oredtoate tha 
fragnant  In 

at the same tin 
»And #as with 
re to find such 
wtI I now be not 
ft jlIng dlfferen 
ed but vestigia 
a fragment for 
label  In the 

3 of the case 
to the French 
the sttreotvpes 

It them again In 
, In factitha 
and the case and 
output. 

that 
t ohae 
hand 
a aotl 
tha 

a mark 
• si 

t role 
Ifbaga 
the oi 

diet 

the 
ks wh 
maeti 
vely 
store 
fall 

ng|e 
s,The 
use 
edlea 
ienar 

mark 

• thar 
the 

seeks 
otype 
s the 
mark 
case 

there 
to to 
y of 

this A culek last look at a previous example should make all 
e lear«Consider abatn He hit th« poy )(wlth the wooden leg) as 
contrsstsd with th« ajtOi-nattve sscond frSBmenti (with a st'Ck) and 
(^tth long hahO.L't u« consldrr the analysts routines terminating 
with tne provision of full templates for fragments (and chase 
Information) »anr« 1st us conelder everythlns that foilows that as 
Trench generatton, 

;.et ws now eonstdor the generetton program entering the second 
fragment,armed wit*! the following list of stereotypes for "with"! 

((PRMKOB  »ENTXPOS?) A (FN »ENT)) 
{{PRHARK »OOXINST) AVEC (FN THINC)) 
<(PRHARK •ENT){P0SS} A  (FN «READ) 

PRHKCB IS a directed predtcate^as It wtretthst sojiks rOf a mark In a 
preceding fragment (within a range of two tregments).It looks only at 
candidates whose heads are In the class «ENTithat Is to say 
THlNCiMANfFOLKiBEAST or wORLOtontItIcs In tome sense that cki have 
parts,In the same sense the heads ACTISTATEIPOINT etc,are not 
attached to -cd senses that we cHn speak of as having parts* PRHKOB 
comperes the for^ulaü for Potential marks In the thlrdiobject« 
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Dcslt'or of Dreced'ng fragments with t^e formula for tht object In 
the töffolet« for th« fragment In hand,And !t Is true jf and only If 
the lattar formula indicates that it ties to a word sense that can be 
a oart of the entity t'sd to the Hcandldata mark" fofmuia, 

Soiln the case of (Me hit the boy)(w!th the wooden leg) PRMKOB finds 
Itself compering the formulas for "boy" (head MAN) and "leg" (wnloh 
contains t^r sub-formuia (MAN pART), In this case PRMKOB is satisfied 
and tfte generation continues through t^e first stereotype correctly 
generating "a" for "with" and then the cutout for "wooden loflM,The 
•PCAL in the function In the first stereotype merely Indicates that 
any object in that fragment should then have Its stereotype generated 
(any substantive head Is in the class «READ because Us 
appropriateness has already been established by the satisfaction of 
PRMKOB, 

Pol lowing exectly th« Procedures described In other eKamples It win 
be seer that (with a stick) fails the first but Is tranelateci by the 
second stereotype,"hile (with long hair) falls the first two but Is 
correctly generated by the third. 

^■»•^■^M^KM 
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